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ABSTRACT
In this Letter we report the discovery of an ultra-young (only 30-40 Myr) quasi-tidal tail (dubbed
a stellar “snake”) nearby the region of Orion complex from Gaia DR2. The average distance of this
structure is about 310 pc from the Sun. Both the length and width are over 200 pc, but the thickness
is only about 80 pc. Oddly it has only one tail. Its head includes two dissolving cores, which can be
clearly distinguished in the 6D phase space. The two cores are probably broken from an open cluster of
initially thousands of members with a total mass of larger than 2000M in the same stellar population.
This population is so young (an order of magnitude younger than the ages of any previously known
tidal tails) that it can not be well explained with the classical theory of tidal tails. In addition, we
check the theory of mass segregation, but do not find any strong evidence for this theory within 125 pc
from the cluster center. Our finding challenges the current theory of the formation and evolution of
tidal tails. Its age is well consistent with the history of the Gould Belt. So it may fill the observational
gap between the history of the Gould Belt and the star formation near the Orion complex.
Subject headings: Stars: kinematics and dynamics - open clusters and associations: individual: Orion
1. INTRODUCTION
The dynamical evolution of star clusters in tidal fields
has long been studied since early last century (Bok
1934; Spitzer 1940). Many remarkable achievements have
been made in both theory and observation around this
topic (Wielen 1974, 1985; Baumgardt & Makino 2003;
Odenkirchen et al. 2003; Kharchenko et al. 2009; Mein-
gast & Alves 2019, and references therein). According to
theoretical and numerical studies, star clusters will con-
tinuously lose members if members are no longer gravita-
tionally bound due to the impacts of the Galactic grav-
itational tides, e.g., by passing molecular clouds, disk
shocking, spiral arm passages, or other unknown events,
and form so-called tidal tails. The tails consist of stars
escaped from the cluster, which lead and/or trail their
parent cluster along the orbit (Chumak & Rastorguev
2006). The tidal tails of stellar clusters are ideal labo-
ratories to study their kinematic evolution, the process
of dissolution, and the interactions between the Galactic
gravitational field and star clusters.
For a long time, the vast majority of tidal tails have
been discovered mainly around globular clusters or dwarf
galaxies (e.g. Grillmair et al. 1995; Odenkirchen et al.
2003; Dehnen et al. 2004), very few evidences were found
for large-scale tidal tails around open clusters (Bergond
et al. 2001; Reino et al. 2018), predicted in theory (Wie-
len 1985; Kharchenko et al. 2009). The situation does
not get better until the Gaia DR2 was released on the
April of 2018 (Gaia Collaboration et al. 2018). Meingast
& Alves (2019) and Ro¨ser et al. (2019) simultaneously
reported strong evidences for the tidal tail of the Hyades
in Gaia DR2.
Here we report for the first time an ultra-young quasi-
tidal tail near the Orion complex. We also see its two
dissolving cores from the data of Gaia DR2. The tail
is so young (only 30∼40 Myr) that it can not be well
explained with the classical theory of tidal tails. Perhaps
it is not a canonical tidal tail, and may not even be a tidal
tail. Conservatively, we name it a stellar “snake” by its
morphology in the sky plane.
This Letter is organized as follows. In Section 2, the
sample selection and membership are briefly described.
The population properties are derived in Section 3. The
discussion and conclusion parts are in Section 4 and 5,
respectively.
Throughout the paper, we adopt the solar motion as
(U, V,W) = (9.58, 10.52, 7.01)kms−1 (Tian et al.
2015) with respect to the local standard of rest (LSR) ,
and the solar Galactocentric radius and vertical positions
as (R0, z0) = (8.27,0.0) kpc (Scho¨nrich 2012). l
∗ is used
to denote the Galactic longitude in the gnomonic projec-
tion coordinate system, for example, µl∗ ≡ µl cos b. The
proper motion (µl∗ , µb) for each star is calibrated from
the effect of the Solar peculiar motion in the Galactic
coordinate.
2. DATA AND MEMBERSHIP
In this study, we mainly use the astrometric and pho-
tometric data from Gaia DR2 (Gaia Collaboration et al.
2018) to search for members of the intended structure.
2.1. Data selection
To build the sample, we select the sources that satisfy
the following criteria:
1. 170◦ < l < 225◦, and −30◦ < b < 10◦, to make
sure all the scattered members are included in this
sky region.
2. 2.0 < $ < 5.0 mas, and $/σ$ > 10.0, to re-
strict the sample to sources with distances between
200 pc and 500 pc. Here, we derive distances by in-
verting parallax with d = 1000.0/$ pc.
3. (µl∗ − µ¯l∗,m)2 + (µb − µ¯b,m)2 < (5σµ,m)2, to re-
strict to stars with proper motions within 5σµ,m
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of (µ¯l∗,m, µ¯b,m). Here, µ¯l∗,m, µ¯b,m, and σµ,m are
the average and root-mean-square (rms) of proper
motions of the members in the stellar “snake”.
We noticed the structure in the space of (µl∗ ,
µb) initially as an overdensity centered on (µ¯l∗,m,
µ¯b,m) ' (−2.59,−2.0) mas yr−1 with a dispersion
σµ,m ' 1.0 mas yr−1.
4. RUWE < 1.4, to limit to sources with acceptable
astrometric solutions. RUWE is the renormalized
unit weight error which is defined in Lindegren et
al. (2018)
These selection criteria yield a sample of 21,949 stars in
total. The interstellar extinction has been corrected for
each source in the sample. According to the literatures
(Milne & Aller 1980; Wang et al. 2017), the interstellar
extinction in the V band is around 0.7-1.0 mag/kpc in
the solar neighborhood. For simplicity, an average value
(i.e., 0.85 mag/kpc) is adopted in this study (Liu et al.
2020). So for each individual star at distance d, its V-
band extinction AV in magitude is approximately 0.85×
d. The extinctions in Gaia’s bands for each star can be
calculated from AV (Tian et al. 2014). Wang & Chen
(2019) provides the extinction coefficients (Aλ/AV ) for
Gaia’s three bands, which are 1.002, 0.589, and 0.789
µm for the GBP , GRP , and G bands, respectively.
Figure 1 displays the sample distributions in the 5 di-
mensional (5D) phase space. E.g., the l-b projected space
(sub-panel a) shows there are several star forming regions
(black dashed rectangles) in this field, such as the Orion
complex (Zari et al. 2019; Chen et al. 2019), which is
grouped into several clustering components, e.g., λ Ori,
25 Ori, Belt, Orion A, and so on.
2.2. Membership
Considering that members of the structure are loosely
concentrated in the 3D space, we adopt the “Friend-of-
Friend” (“FOF”) algorithm to search for members. This
algorithm has been well implemented in “ROCKSTAR”
(Behroozi et al. 2013), which employs a technique of
adaptive hierarchical refinement in the 6D phase space
to divide all stars into several “FOF” groups by track-
ing the high number density clusters and excluding those
stars that could not be grouped in star aggregates.
The majority of sources in our sample has only 5D
phase information, i.e., l, b, µl∗ , µb, and distances, ob-
tained from Gaia DR2. Line-of-sight velocities (vlos) are
provided only for stars brighter than 13 mag in the G-
band. However, the inputs of ROCKSTAR are originally
designed to be 6D phase-space data sets. We test on
a version of ROCKSTAR which was slightly optimized
by Tian (2017), and find that ROCKSTAR works well
for group searching if we set vlos as zero, and keep only
the other 5D data for all sample stars. In the process,
ROCKSTAR will automatically adjust the linking space
between members of “friend” stars, and divide them into
several groups, simultaneously single out those isolated
individual stars. In this step, we get 2175 candidate
members of the stellar ”snake” from the input sample.
This process is valid as we can recover the members of all
the known clusters in this region simultaneously, i.e., λ
Ori, 25 Ori, Belt, Orion A, and NGC 1662 from the FOF
groups. This indicates that ROCKSTAR works very well
for group searching.
Since the members are pretty sparse in space, and the
proper motions are not uniform along the long tail, par-
ticularly close to the end of the tail, it is a challenge to
obtain candidate members with a high fidelity for any
clustering algorithm. Some very young candidates obvi-
ously deviate from the pre-main sequence (PMS) or MS
in the Colour-Absolute Magnitude Diagram (CAMD).
To eliminate this contamination, we remove candidates
whose ages are beyond 120 Myr or younger than 5 Myr
(see the green dashed and dashed-dot curves in the left
sub-panel of Figure 3). In this step, 186 stars are re-
jected. Finally, we obtain 1989 candidate members in
the tidal tail. Actually only 1950 stars are used for this
study, because 39 candidates are ruled out according to
their radial velocities (see Section 3.1).
Figure 1 displays the member (the red dots) distribu-
tions in the 5D phase space. A structure looking like a
snake is clearly demonstrated in the ordinary space (i.e.,
α-δ, x-y-z).
3. POPULATION PROPERTY
We have 1950 candidate members which can be used to
analyze the statistical properties for the stellar “snake”.
Besides the astrometric and photometric data from Gaia
DR2, we cross-match the sample with the spectroscopic
data from LAMOST (Zhao et al. 2012; Cui et al. 2012)
and APOGEE (Abolfathi et al. 2018) to supplement the
measured stellar parameters of members. Within a ra-
dius of 3 arcseconds, 39 and 15 candidate members are
matched with LAMOST DR6 and APOGEE-2, respec-
tively.
3.1. Spatial distribution and steller parameters
Figure 1 shows the member distributions in the 5D
phase space. The red points in the space of l-b (sub-
panel (a)) clearly demonstrate the shape of the tidal tail.
Both the length (in the x-direction) and width (in the
y-direction) are over 200 pc, but the thickness (in the
z-direction) is only around 80 pc, as shown in the sub-
panels (c-e). The average proper motion (µl∗ , µb) is
about (-2.50±0.68, -1.84±1.07) mas yr−1 (see the sub-
panel (b)), and the values become smaller towards the
end of its tail. Meanwhile, the proper motion gradually
vanishes in the b direction, as shown by the black arrows
in the sub-panel (a).
Among the candidates, only 230 stars have radial ve-
locities, of which 176 stars from Gaia, 39 stars from
LAMOST (16 stars also have Gaia’s radial velocities),
and 15 from APOGEE. Figure 2 presents the histogram
of the radial velocities of 214 unique stars in the left
panel. The average and root-mean-square (rms) of the
radial velocities are about 24.8 and 4.5 kms−1. Figure
2 also shows the histogram of the distances of the 1950
candidate members in the left panel. The average and
rms of the distances are around 310.1 and 39.5 pc, respec-
tively. The rms value is larger than what one expects, as
there exist two cores separated slightly in the tidal tail.
We postpone its discussion to the next subsection.
The element abundance and log g can be partly ob-
tained from the LAMOST and APOGEE data. Table 1
specifies the stellar parameters for the candidate mem-
bers which have effective values of [Fe/H]. The average
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Fig. 1.— The sample distribution in the 5D phase space, e.g., the l-b projected space in the sub-panel (a), the proper motion (µl∗ -µb)
space in the sub-panel (b), and the 3D (x-y-z) spatial spaces in the sub-panels (c)-(e). In all the sub-panels, the red dots represent the
candidate members of the stellar “snake”, the green and yellow dots show the two dissolving cores. In the sub-panel (a), the black arrows
demonstrate the average proper motions in different l bins observed in the frame of the LSR. The black dashed rectangles label the known
structures, such as λ Ori, 25 Ori, Belt, Orion A, and NGC 1662. Note that: (1) the proper motion direction vary smoothly with l, and the
amplitude becomes smaller towards the end of its tail with vanishing proper motion in the b direction at the tail; (2) the stellar “snake” is
still clearly visible only on the members with MG < 9.0 mag.
and rms of [Fe/H] are 0.019±0.08 for all the 40 available
candidates, and 0.028±0.08 for the 28 members whose
memberships are further confirmed by their radial ve-
locities, e.g., 18 < vr < 28 kms. Therefore, a super-solar
[Fe/H] is favored in this data set. The average and rms of
log g are 4.31±0.18 for all the available candidates. The
stellar parameters for the 1950 candidates are available
in the electronic version.
3.2. The double dissolving cores
The most prominent feature is that both the radial
velocities and distances present two explicit peaks in
their histograms (see Figure 2). This is the result of
two cores (or clusters) in the structure of stellar “snake”.
In order to explicitly display the two cores, we select
two sub-samples according to their coordinates, e.g.,
(l − l0)2 + (b − b0)2 < 20, where l0, b0, and 0 are the
coordinate of the center of the core, and the angular ra-
dius of the cluster. We roughly estimate (l0, b0, 0) =
(218.7◦,−2.0◦, 2.0◦) for the first core, and (l0, b0, 0) =
(214.5◦,−7.6◦, 1.5◦) for the second core. Thus, we obtain
323 and 261 stars from the sample of candidate members.
They are separately color-coded with green and yellow in
Figures 1 and 2. As one can see, the two cores are clearly
separated in the 6D phase space.
The average proper motions (µl∗ , µb) are about (-
2.75±0.27, -2.91±0.40) mas yr−1, and (-2.62±0.33, -
1.76±0.37) mas yr−1 for the two cores, respectively (see
the green and yellow dots in the sub-panel (b) of Figure
1). The difference of the proper motions is larger than 1.0
mas yr−1 between the two cores in the direction of Galac-
tic latitude. The average distances are 288.95±16.70 pc
and 324.17±18.32 pc for the two cores, respectively (the
green and yellow histograms in the left sub-panel of Fig-
ure 2). The difference is about 35 pc. While the available
radial velocities have only 19 stars for both cores, the vr
of the two clusters can still be separated in their his-
tograms (see the right sub-panel of Figure 2). The aver-
age values of vr are 22.3±3.23kms−1 and 26.0±3.5kms−1.
The difference is of a few kms−1.
We select four stars whose radial velocities are well
measured (with errors < 0.1kms−1) by APOGEE from
the two cores and the end part of the tail, respectively.
The obits of the four stars can be solved accurately un-
der the potential model of Bovy (2015). Integrating the
orbits back tens of million years, the four obits roughly
cross together. It indicates that the members are prob-
ably have the same origin. As for the complete orbits, a
following work is preparing in detail.
3.3. Age and Mass
Isochrone fitting is a typical method to estimate stel-
lar ages. Liu & Pang (2019) provides a reliable imple-
mentation for this method. First, we prepare a series
of isochrones from the Padova database Marigo et al.
(2017) with ages ranging from log(τ/yr) = 6.6 to 10.13
with an interval of ∆ log(t/yr) = 0.01, and metallicities
from log(Z/Z) = −2.0 to 0.5 with an interval of 0.25.
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TABLE 1
The stellar parameters of 10 members with metallicities and rv < 3kms
−1 (the full candidates are available on-line)
Gaia ID la b µl∗b µb Distance vr [Fe/H] logg G BP-RP
◦(J2000) mas yr−1 pc kms−1 mag
3104206755858178816 214.81 -7.79 -2.70±0.04 -1.69±0.04 327.61±2.44 25.77±0.04 0.04±0.01 5.83 1.21
3118540642272975872 210.39 -7.80 -2.59±0.05 -1.35±0.05 304.22±2.84 25.62±0.04 0.08±0.01 4.41±0.29 6.88 1.63
3118203882476896768 211.32 -7.59 -2.41±0.06 -1.44±0.05 306.67±2.93 25.18±0.03 -0.01±0.01 6.36 1.39
3121980223881083264 208.91 -7.66 -2.51±0.06 -1.22±0.06 293.89±4.02 24.68±0.04 0.14±0.01 7.23 1.79
3409223204229856640 180.58 -11.75 -0.89±0.07 0.02±0.04 334.11±4.12 21.78±0.02 0.13±0.01 6.59 1.52
3418236450799000320 180.36 -11.50 -1.73±0.09 -0.04±0.06 288.61±3.71 20.78±0.03 0.06±0.01 7.14 1.71
3394383782983956864 186.61 -12.21 -0.56±0.09 -0.02±0.07 370.87±5.79 24.80±0.03 0.05±0.01 6.45 1.43
3389597883746236800 191.07 -11.14 -2.37±0.06 -0.36±0.05 267.96±2.61 22.71±0.02 0.08±0.01 7.16 1.74
3394543177810189312 186.18 -11.35 -0.43±0.07 -0.15±0.05 385.07±5.31 25.57±0.04 0.03±0.01 6.20 1.41
3336872762142253824 196.00 -8.16 -2.69±0.05 -1.18±0.04 248.25±1.89 24.87±2.48 -0.02±0.08 4.50±0.14 6.38 1.42
a The on-line coordinate for each star will be given in the precision of double float.
b The effect of the peculiar motion of the Sun are removed from the proper motions.
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Fig. 2.— Histograms of the distances and radial velocities of the
whole candidates (red), and the two dissolving cores (green and
yellow). The average distances are 310.1± 39.5 pc, 288.95±16.70 pc
and 324.17±18.32 pc for the whole candidates and the two cores.
The corresponding radial velocities are 24.8±4.5 kms−1, 22.3 ±
3.23kms−1 and 26.0± 3.5kms−1, respectively.
Then, we feed the color index (GBP -GRP ), and the abso-
lute magnitude MG of the member stars to the pipeline.
Finally, the best fit isochrone can be found by minimiz-
ing the distance (defined as Equation 2 in Liu & Pang
(2019)) between an isochrone and member stars.
The left panel of Figure 3 displays the member candi-
dates (red dots) and the initial sample (blue dots) dis-
tribution and its best fit isochrone (black solid curve) in
the CAMD. The result shows that the age of the stel-
lar “snake” is around 33.8 Myr, and the corresponding
metallicity is around 0.027. But if we remove the member
candidates with large color indexes, e.g., GBP −GRP >
3.0, then the best fit age is 24.5 Myr, and the correspond-
ing metallicity is about 0.0152. The isochrone in this case
is displayed with black dashed-dot curve for comparison.
The spectroscopic data favour a larger metallicity, which
has been discussed in Section 3.1. In this panel, we also
illustrate two other isochrones with the age of 120 Myr
(green dashed) and 5 Myr (green dashed-dot) which are
used to remove the obvious outliers from the candidate
members.
We can use the technique of Turn-On (i.e., TOn
Cignoni et al. 2010) to validate the age estimated from
the isochrone fit. TOn is a transition point in the CMD
of a very young stellar population, where the pre-main
sequence (PMS) joins the main sequence (MS). Because
the massive members have already entered in the stage of
MS, a few field MS contaminators will lead to a challenge
to distinguish the TOn point in the CAMD.
In order to resolve the TOn point, we further purge
the candidate members with more stringent criteria: (1)
(µl∗ − µ¯l∗,m)2 + (µb − µ¯b,m)2 < 1.0σ2µ,m; (2) keep only
candidates with distances between 280 pc to 340 pc (see
Figure 2); (3) RUWE < 1.2. The first two conditions
can strictly constrain the members to be in the two cores
(see the sub-panel (a) in Figure 1). In these two dense
regions, the field contaminators are relatively few. The
third condition makes sure the members have excellent
astrometric solutions. Finally, we obtain a sub-sample of
634 candidate members with a very high confidence. Fig-
ure 3 demonstrates the CAMD of the sub-sample in the
right panel. From the insert sub-panel, one can easily see
the TOn point, which is located at GBP−GRP ∼ 1.0 mag
where the stellar mass is ∼1.0M. It indicates that the
age of this young population is around 30-40 Myr. This
result is well consistent with the age derived with the
method of isochrone fit.
In estimating the age, we have already determined the
best fit isochrone. With this isochrone, stellar masses
are then estimated. More than 80% members still do
not pass the TOn point and enter in the stage of MS,
i.e., GBP − GRP < 1.0 mag. This suggests that more
than 80% members have masses smaller than 1.0M.
The remaining ∼20% members have masses larger than
the solar mass, the maximum mass is ∼3.0M. From
the best fit isochrone, it is easy to derive the present-
day mass function of the tidal tail. By fitting the mass
function with a series of initial mass function (IMF) of
Kroupa (2001), a total mass of ∼2500M is estimated
for the stellar “snake” (the blue curve is the best fitted
mass function in the top panel of Figure 4).
Using the color as a proxy of stellar mass, we also try to
check the theory of mass segregation (Binney & Tremaine
1987). We do not find any strong evidence for mass seg-
regation within 125 pc from the cluster center. Beyond
170 pc, however, there is a weak tendency that massive
stars are expected to move toward the center of a system,
while lower-mass stars can more easily evaporate from a
cluster, as shown in the bottom panel of Figure 4. Note
that the tendency of first rising then descending between
10 and 110 pc is similar with what was found in Meingast
& Alves (2019).
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Fig. 3.— Left: CAMD for the 1950 candidate members (the red dots) and initial sample (the blue dots). The black-dashed curve is
the best fitted isochrone from a subsample with GBP −GRP < 3. The green dashed and dashed-dot curves are two isochrones to remove
contaminations with ages >120 Myr or < 5 Myr from the candidate members. Right: CAMD for 634 members (red dots), which is a
sub-sample purified with more stringent criteria from the 1950 candidates. In order to present the TOn point, we compare the best fit
isochrone with a series of isochrones with different ages, e.g., 20 Myr (the black dashed-dot curve), 50 Myr (the blue dashed curve), and
100 Myr (the green solid curve). The TOn point is clearly shown in the insert sub-panel. In both panels, the black solid curves represent
the best fit PARSEC isochrone, the corresponding age is 33.8 Myr, and metallicity (Z) is 0.027.
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Fig. 4.— Top: Mass estimation of the stellar “snake” based on
the IMF model of Kroupa (2001). The black curve is the observed
mass function, which is fitted with the IMFs with different total
mass (displayed with different colors). As shown, the blue curve
(2500 M) well matches the observed function. Bottom: Color
index v.s. distance from the cluster center, to check the theory
of mass segregation (Binney & Tremaine 1987). Here, the color is
interpreted as a proxy of stellar mass. The cluster is centered at (x,
y, z) = (-261, -175, -37.8) pc, which is the median position of the
two cores. The black solid curve and the error are the average and
uncertainty of the color in each bin. No strong evidence for mass
segregation is found within 125 pc from the cluster center. Note
that the tendency of first rising then descending between 10 and
110 pc is similar with what was found in Meingast & Alves (2019).
4. DISCUSSION
In this section, we will briefly discuss the potential val-
ues of the newly discovered structure in two aspects.
On one hand, our finding presents a great challenge
to the prevailing theory of tidal tail formation and evo-
lution. According to the population properties derived
in Section 3, we know that the stellar “snake” has two
dissolving cores in the same population. It suggests that
this structure probably originates from a large open star
cluster, which consists of a few thousand member stars.
The shape of the tidal tail indicates that its parent cluster
has probably experienced one or several strong disrup-
tions during the course of its life. Surprisingly, the age
of the stellar population is ultra-young, only 30-40 Myr,
which is an order of magnitude younger than the ages of
previously known tidal tails. What mechanism stretches
the parent cluster into a tail of size over 200 pc in such a
short time? It is difficult to answer this puzzling question
in the traditional perspectives.
Besides internal factors (self-gravitation and rotation),
the shape of an open cluster mainly depends on the ex-
ternal forces, e.g. by the Galactic tidal field, which is
theoretically thought to act in two steps: (1) stretching
the cluster into an ellipsoid, and (2) producing cluster
tails outpouring from the ellipsoids (Wielen 1974, 1985).
Kharchenko et al. (2009) carried out a set of high reso-
lution N-body simulations to investigate how the shape
parameters of open clusters vary with the time that the
Galaxy’s external force acts on star clusters with dif-
ferent initial masses, Galactocentric distances, and rota-
tion velocities. The results tell us that the mass lose is
only around 10% of the initial masses whatever the ini-
tial conditions are (See their Figure 2). Their Figure 3
also clearly shows that at t = 50 Myr the star cluster is
just stretched into an ellipsoid. Though the predicted
picture can well match with the tidal tail of the Hyades
discovered by Roser et al. (2018), it can not explain our
stellar “snake”.
On the other hand, the new stellar population with a
large number of member stars is located in the vicinity
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of the Orion complex (see Figure 1). The Orion com-
plex is thought to form part of the Gould Belt (Poppel
1997), which is a large (∼1 kpc), young (30 - 40 Myr), and
ring-like structure tilted ∼ 20◦ to the Galactic plane dis-
covered by Herschel in 1847. For a long time, this is not
consistent with the age measured in the Orion complex.
The oldest part in the Orion complex was believed to be
no more than 13 Myr old. Until the early of 2019, Kos et
al. (2019) extended the oldest age to 21 Myr. However,
there still exists a gap between the Gould Belt and the
Orion complex in the history of star formation. Remark-
ably, the age of our stellar “snake” well agrees with the
history of Gould Belt. However, it is worth to mention
that the existence of the Gould Belt is challenged by a
recent structure – Radcliffe Wave, i.e., a Galactic-scale
gas wave in the solar neighborhood, discovered by Alves
et al. (2020). This finding is inconsistent with the notion
that the clouds are part of a ring, disputing the Gould
Belt model. So the stellar “snake” probably bridges the
gap between star formation near the region of the Orion
complex and the history of Gould Belt’s formation (if
the Belt exists). The stellar “snake” is perhaps a fine
structure on top of the Radcliffe Wave.
5. CONCLUSION
An ultra-young snake-like structure (dubbed stellar
“snake”) near the Orion complex region is found in the
Gaia DR2. Using the FOF algorithm, we find 1950 can-
didate members from the stellar “snake”. Its average
distance is about 310 pc from the Sun. The length (x
direction) and width (y direction) are over 200 pc, but
thickness (z direction) is only about 80 pc. The structure
is not typical of double-armed tidal tails. Interestingly,
the stellar “snake” includes two dissolving cores in its
head. The two cores can be clearly distinguished in the
6D phase space, which are probably broken from an open
cluster with thousands of initial members in the same
stellar population. The lost members are stretched into
a long tail probably due to the disruption by the Galactic
tidal force. Using the techniques of the isochrone fitting
and “TOn”, we measure the age of the stellar popula-
tion. Surprisingly, the age of this population is extremely
young, only 30-40 Myr, which is much younger than the
ages of any previously known tidal tails. By fitting the
mass function with a series of IMF of Kroupa (2001),
we estimate a total mass of ∼ 2500M for the stellar
“snake”. Finally, we check the theory of mass segre-
gation (Binney & Tremaine 1987), but do not find any
strong evidence for this theory within 125 pc from the
cluster center.
These findings pose a challenge to the prevailing theory
of the formation and evolution of tidal tails. The current
theory can well predict the tidal tails of the order of
hundred million years old, such as the Hyades tidal tail,
but it can not give a perfect explanation to this structure.
In addition, we lack observational evidences to link the
formation of the Orion complex and the history of the
Gould Belt. The age of the stellar “snake” matches well
with that of the Gould Belt.
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